A novel method, which is based on electromagnetic field theory to calculate the current distribution in grounding grid is presented in this paper. The finite element method (FEM) is used to calculate the distribution of the fault current in the grounding grids. By using both the unidimensional units and the three-dimensional units in modeling the grounding grid and its surrounding soil, the performance of the real substation grounding grid can be analyzed. The current distribution in the grids as well as its distribution in the surrounding soil can be seen clearly. The accuracy of the calculation is improved significantly and both of the current flowing in the grids and the leakage current distributed in soil can be easily obtained under different condition.
Simulation of the Grounding Grid by Coupling the Unidemensional Finite Element Method(FEM) and the
Three-dimensional FEM
Introduction
The objective of a grounding system is to provide a way to ground for currents generated by some fault or disturbance. Under the condition of short-circuit fault, large fault current will distribute in the grounding grid while emanating to the earth. The fault current distributed in the grounding grid and the leakage current has directly effect on the normal state of the secondary instruments. It is known that unless the grounding grid is treated as unequal potential grid, the performance of the current distribution can not be analyzed. Therefore many methods [1] - [2] which are widely used in studying the performance of the grounding grid are not suitable to study the current distribution in the grounding grid. Most of the methods which are used in analyzing the current distribution [3] are based on circuit theory or the combination of electromagnetic field theory and circuit theory. Using these methodswe need to calculate the equivalent parameters of the grids such as the grounding grid's self-resistances and grounding grids' mutual-resistances and so on, then calculate the current distribution in the equivalent circuit. Usually the leakage current of the grids is taken into account by equivalent resistances in the middle of the grids. That means in these calculation models the leakage current are supposed to leak only from the middle of the grids. In reality this leakage current is distributed everywhere around the grids. More or less such equivalence has some approximated factors. So traditional methods can't simulate this phenomenon very well.
In this paper, a novel method is presented to calculate the current distribution in grounding grid. This method is based on electromagnetic field theory. The finite element method (FEM) is used to calculate the distribution of the fault current in the grounding grids. Unidimensional units and the three-dimensional units are used in modeling the grounding grid respectively. The current distribution in the grids as well as its distribution in the surrounding soil can be seen clearly. Without the equivalence of the grid's parameters, the accuracy of the calculation is improved a lot and both of the current flowing in the grids and the leakage current distributed in soil can be easily obtained.
Basic Electromagnetic Theory of the Method
We know that the 50HZ fault current is the main part of the fault current. The performance of the grounding grid under 50HZ excitement is almost the same as it is under the direct current excitement. So we can analyze the fault current distribution in steady current field.
Finite element method
The basic process of FEM is discreting the differential equation according to variational principle and method of weighted residuals. From this way, set of equations can be obtained. These equations have large, sparse and symmetry coefficient matrix. After the restriction by boundary condition, it becomes positive definite matrix. The approximate equation resolution can be got from it.
Combining the boundary condition, changing the differential equation into integral equation by method of weighted residuals, discreting the element we can obtain a linear set of equations:
(1)
Solution of the steady current field problem is nodal potential.
Coupling mechanism of the unidimensional units and the three-dimensional units
No matter what kind of conductor we use in making the grounding grid, the equivalent radius of the conductor is much smaller comparing with the dimension of the soil which will be taken into account when we calculate the current distribution in the grids. Therefore, it is reasonable to use unidimensional units in modeling the grounding grids and three-dimensional units in modeling soil surrounded it.Both of the unidimensional units and three-dimensional units have the same form of the linear set of equations as the equation (1).
Unidimensional unit
Unidimensional unit used in this paper is the line element which has two nodes, namely x i , x j . And their nodal potential is φ i and φ j respectively. They are the unknown quantities in equation. The grounding grid conductor is presented by line element.
The shape function of the Unidimensional unit is as follow:
this linear function can be described by two polynomials. α i , β i are constant coefficients. Both of them can be calculated by the value of the ψ e i on each of the node attach to the element, namely,
therefore equation (2) can be written as two linear algebraic equation,
By solving this equation set, we can get α i and β i , Substituted them to equation (2) , ψ e i can be obtained. The shape functions of other nodes can be got by the same way. The distribution of φ e in each element can be described by φ i , φ j of node i, j and their shape function ψ i and ψ j ,
the contribution of one Unidimensional unit to the whole matrix is:
[f
2.2.2 Three-dimensional unit Three-dimensional units have many forms including tetrahedron element with four nodes, pentahedron element with six nodes and cuboid element with eight nodes. In this paper we use cuboid element because we can obtain the least elements after meshing by using this type of element. We use cuboid element to denote the soil area around the grounding grid conductor.
The node coordinate of the eight-node cuboid element is
The shape function of the eight-node cuboid element is:
ψ e i of each node is:
can be confirmed by eight linear algebraic equations:
Accordingly, ψ 
the contribution of one three-dimensional unit to the whole matrix is: 
Coupling mechanism of the unidimensional units and the three-dimensional units
In order to minimize the total elements and nodes to facilitate the calculation speed, we build the line element just on one border of the cuboid element and share two of the eight nodes of the cuboid element. One line element and cuboid element are shown in Fig.1 We can see that the line element and the cuboid element share node 1 and node 2.All of the line elements and the cuboid elements will form their own linear set of equations in which some of the unknown quantities in the nodal voltage matrix are the same. The coefficients of the same unknown quantities can be combined. In this way, the whole linear set of equations can be obtained.
Calculation Model Description

Grounding grid's model
The practical grounding grid is a square. Each margin of the grid is 90m. Soil resistivity and conductor resistivity are 100Ω · m and 10 −7 Ω · m respectively. Section area of the grounding grid conductor is 400mm 2 . The depth is 0.5m at which the grid is buried in the earth. The current injected into the grid is assumed to be 1000A and the current is injected from corner. The current distribution in the grounding grid is described in Fig.3 . The current distribution along y axis is shown in Fig.3(a) . The current distribution along x axis is shown in Fig.3(b) . 
Conclusion
In this paper, a novel method to analyze the performance of the grounding grid is presented. It has advantages in many ways for analyzing the fault current distribution in the grounding grid and other performance of the grounding grid under the short-circuit fault. Calculation of the equivalent parameters of the grids and many of the approximate factors in modeling the grounding grids is entirely avoided by simulating the grids and soil in a whole model, thus the accuracy of the results can be improved. By meshing the grids into several parts the current distribution in the grid and the leakage current can be seen more explicitly. Also, we can use this method in analyzing other properties of the grounding grid such as the voltage distribution on the soil surfacethe voltage distribution in the grounding gridthe grounding grid' resistance and ect.
